Previous research has shown that feedback about past performance has ambiguous effects on subsequent performance. We argue that feedback affects beliefs in different dimensions -namely beliefs about the level of human capital and beliefs about the ability to learnand this may explain some of the ambiguous effects. We experimentally study the causal effects of an exogenously administered change in beliefs in both of these dimensions on the motivation to learn. We find that confidence in the ability to learn raises incentives, while confidence in the level of human capital lowers incentives for individuals with high levels of human capital.
Introduction
Motivational beliefs are held to be a strong determinant of important life outcomes such as educational attainment and professional development. However, there seems to be disagreement in the public realm on which beliefs about ourselves are beneficial for us. Folk wisdom tells us that holding a very favorable opinion of our abilities may often breed failure as it tempts us to rest on our laurels and lowers our motivation to work hard towards our goals and the economics literature, too, mostly emphasizes the negative effects of too much confidence. However, many popular self-help books claim that increasing our self-confidence makes us more likely to be successful in life. 1 In educational settings, optimistic beliefs about ourselves are widely thought to foster skill development and a quick search on the internet will turn up many schoolrelated websites and workshop offers claiming that fostering children's confidence will improve their motivation to learn. However, there seems to be disagreement about whether praise for performance, effort, or progress is best to raise confidence and motivation to learn.
A straightforward conjecture is that some of the disagreement in the popular discourse about the relationship between feedback, confidence, and performance is caused by the tendency to subsume different types of beliefs under the notion of "confidence". Different types of feedback may influence beliefs about different dimensions of a person's skills and abilities and conditional on circumstances a shift in a belief about a given skill dimension may or may not raise motivation to exert effort. 2 The key purpose of this paper is to distinguish two dimensions of confidence -confidence in one's level of prior knowledge and confidence in one's learning ability -and to study causal effects of changes in these dimensions of a person's confidence on investments in human capital.
Reinforcement of confidence in these two dimensions likely has very different effects, as the first dimension is related to one's ex-ante probability of passing a test while the second one is related to how much one's passing probability increases when exerting learning efforts. We first illustrate these belief dimensions in a simple formal model and then study the effects of exogenous variation in both dimensions in a lab experiment.
The motivational role of confidence has attracted substantial interest from different fields in economics in recent years. Bénabou and Tirole (2002, 2003) , for instance, have studied formal models in which agents are uncertain about the marginal returns to their effort. These models yield a precise notion of confidence as an agent's belief in her own marginal product of effort.
A higher confidence then naturally induces an agent to work harder on a task. 3 The recent literature on the economics of education has studied specific personality traits that predict important life outcomes (Heckman et al., 2006; Cebi, 2007; Heineck and Anger, 2010; Heckman and Kautz, 2012) . Internal locus of control and self-esteem, psychological constructs intended to capture a person's beliefs about the ability to affect outcomes, feature prominently among these traits. There is also empirical evidence that socially disadvantaged children (Filippin and Paccagnella, 2012) , and girls (Reuben et al., 2013) are less confident about their academic ability and that this has negative effects on their educational decisions and expected earnings.
In our experiment students have to decide how intensively they want to prepare for a test.
They pass the test and earn a reward if their performance reaches a certain threshold. Based on the analysis of a simple formal model we hypothesize that a higher confidence in the level of prior knowledge causes students with low levels of knowledge to invest more. This is because it subjectively moves them closer to the passing threshold and raises the probability that an additional remembered item is pivotal to passing the test. For students with high levels of prior knowledge we expect the opposite, i.e. that raising their confidence in knowledge even further will lower their effort to prepare for the test because it subjectively moves them further away from the passing threshold such that learning becomes less relevant for whether someone passes or fails the test. For the other dimension -confidence in learning ability -we expect that raising this dimension of confidence will have a monotonic effect and cause students to invest more effort in learning because the perceived marginal cost of effort to generate "knowledge" decreases.
To study the causal effects of the two dimensions of confidence, we exogenously vary feedback scores subjects receive about their performance in two prior tests. One of these tests measures their prior knowledge, the other test measures the ability to memorize information. After com-pleting these two tests, each subject privately receives a feedback score for each of the tests.
Subjects know that each feedback score is the sum of their true score in the respective test and a random noise term. We then elicit subjects' confidence by asking them to estimate their own rank in the first two tests. Subjects can then buy pieces of information and memorize these to prepare for a final test in which they earn a fixed amount of money if their performance exceeds a specific threshold. The random component in the feedback scores thus generates exogenous variation in the agents' confidence in the two dimensions, which we use as instrumental variables to estimate causal effects of confidence on investment decisions and test outcomes.
We find that a higher confidence in learning raises learning investments irrespective of the prior level of knowledge. Confidence in knowledge, however, has a negative effect on investments of individuals with above average prior knowledge and a positive effect on investments of individuals with below average prior knowledge. With respect to test outcomes, we find that raising the confidence in learning of individuals with below average prior knowledge improves their rank in the final test and their probability of passing it, however, we do not find a beneficial effect for individuals who already had above average prior knowledge. Mirroring the effects of confidence in knowledge on effort, we find that raising confidence in knowledge of individuals with above average prior knowledge decreases their outcomes in the final test whereas it has the opposite effect on individuals with below average prior knowledge. This paper makes two contributions. First, it shows theoretically and experimentally that in situations where choices involve effort, confidence should be viewed as a multidimensional concept (even if the effort choice is unidimensional) and that general statements about the motivational effects of confidence are misleading. In order to explain the effects of confidence on motivation to exert effort, and on learning in particular, we have to understand which roles effort and ability play in achieving a goal. An important implication of this is also that interventions aimed at raising confidence should be carefully designed and evaluated because they might affect several beliefs that interact in different ways with motivation to exert effort. Second, we develop a deception-free experimental approach to study the causal effect of beliefs on effort by generating exogenous variation in two dimensions of confidence. For this reason, we can rule out that, for instance, unobserved psychological dispositions that may be correlated with confidence drive the association between confidence, motivation to exert effort, and performance. By studying the effects of confidence on learning decisions and test outcomes, our study links the literature on experiments in education to the literature on motivational beliefs and socio-emotional skills.
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The remainder of the paper is structured as follows. Section 2 summarizes the related literature on the determinants of effort provision in educational and similar settings. Section 3 presents a model and derives best responses and hypotheses from it. Section 4 presents the experimental design. Section 5 presents the results and Section 6 concludes.
Related Literature
Our research is closely related to the game theoretical and behavioral economic literature on confidence and incentives. As stated above, "confidence in learning ability" in our setting is equivalent to Benabou and Tirole's (2002, 2003) notion of confidence as an agent's (rational) belief in her own marginal product of effort. We study the interplay between this type of confidence and confidence in prior knowledge as well as the impact of both on investment incentives. 4 The effects of beliefs in and feedback about ability have been explored in several theoretical papers. The role of feedback in tournament settings has, for instance, been explored by Aoyagi (2010) and Gershkov and Perry (2009) . Most closely related to our study is the analysis by Ederer (2010) who studies the effect of interim feedback (about interim outcomes) on effort and shows that when effort and ability are complements feedback should induce competing effects as it informs agents about their relative standing (which reduces incentives) as well as their ability (which may increase incentives). In a principal-agent setting, Santos-Pinto (2008) shows that a worker's overestimation of his ability is beneficial for the principal when ability and effort are complements but not when they are substitutes. Our experiment provides causal empirical evidence for the relevance of disentangling different ability beliefs.
In the context of job search on the labor market, contributions by Caliendo et al. (2015) and Spinnewijn (2015) have studied the role of different dimensions of confidence on search efforts.
Most closely related to our model is the analysis of Spinnewijn (2015), who studies how biased beliefs in two dimensions influence job search: "baseline beliefs" -the beliefs about the baseline job finding probability for given search efforts, and "control beliefs" -the beliefs about the increase in the job finding probability when searching more intensively. We study the effect of baseline belief (concerning prior knowledge) and control belief (concerning ability to learn) on learning effort and provide causal evidence on their impact in an educational setting.
A number of empirical and experimental papers have studied the effect of feedback about 4 Compte and Postlewaite (2004) depart even further from a neoclassical framework by assuming that confidence, influenced by an agent's past successes and failures, raises the (factual) probability of success of an agent.
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(relative) performance on educational outcomes. Tran and Zeckhauser (2012) find that students perform significantly better in a final English test when they are told their rankings on practice tests than students in the control group who only receive private feedback about their test score. Bandiera et al. (2015) exploit rule differences between university departments concerning the provision of feedback to students and find that students who receive their individual exam grade prior to writing a long essay do better in it than students who do not. Azmat and Iriberri (2010) , in a natural field experiment set in a high school, find that students who repeatedly receive information about the average grade of their class in addition to information about their own grade, receive 5 percent better grades. In Azmat et al. (2015) , however, a random sample of college students who receive information about their position in the distribution of grades repeatedly over a period of three years are found to do worse during the first six months. As the authors argue, students in their sample were initially underconfident. Thus learning that they were doing better than expected had a negative impact on performance. In line with this argument, Kuhnen and Tymula (2012) , who study effort reactions to rank feedback in the lab, find that individuals who ranked better than expected decrease output, whereas those who ranked worse than expected increase output. In contrast to these studies, we do not vary feedback on the relative rank in the relevant test but go one step back and manipulate the beliefs a person holds about her knowledge and ability to learn in order to shed light on the behavioral mechanisms by which feedback affects behavior.
Finally, although incentive compatible measurement of beliefs is common in economic laboratory studies, there are very few studies which generate exogenous variation in beliefs in order to study the causal effect of beliefs on actions. Mobius et al. (2011) repeatedly give noisy feedback about whether one performed in the better or the worse half of participants in an IQ test. The authors use the random variation in the feedback to estimate the causal effect of confidence in own ability on the aversion to receiving information about ability and find that a lower confidence induces a stronger aversion to receiving information about one's own ability. Schwardmann and Van der Weele (2016) investigate the hypothesis that overconfidence serves to more effectively persuade others and also manipulate subjects' confidence in their own intelligence using noisy feedback. Costa-Gomes et al. (2014) study the causal effect of beliefs in a trust game by inducing a zero-mean random shift that exogenously increases or reduces the trustee's level of re-payment. Then the authors use the random shift as instrumental variable to estimate the causal effect of beliefs about the trustee's transfer share on the trustor's choice.
Our study is the first that uses noisy feedback to manipulate two different belief dimensions in order to study the causal effect of ability beliefs on learning investments and test outcomes.
An Illustrative Model
Consider the following simple illustrative model which can be interpreted as an analysis of a reaction function in a standard Lazear and Rosen (1981) tournament in which we allow the agent's beliefs to vary with respect to (i) the costs of effort (ability a) and (ii) a potential handicap/or lead (prior knowledge k). In contrast to the standard tournament literature we do not analyze the equilibrium behavior of a small set of players but follow Casas-Arce and Martínez-Jerez (2009) in studying a "population tournament" where the threshold necessary to win the prize is deterministic. The model's purpose is to illustrate how changes in these two forms of "confidence" should affect the efforts exerted to win the prize.
A risk neutral agent can invest effort to raise her human capital. Human capital is measured by "pieces of knowledge". An agent's posterior knowledge is the sum of her prior knowledge k and knowledge acquired through learning ∆. Knowledge acquisition is costly and the agent's cost function is c (∆, a) where a measures the agent's ability to acquire further knowledge. We assume that In this case she will receive a reward B. The agent's objective function can thus be denoted as
In order to guarantee that this optimization problem has a unique solution we assume that
which will, for instance, hold if
is bounded from below by a constant and the signal s k
is not too precise. 7
The first derivative of the objective function is
and by condition (1) the objective function is strictly concave. We can now show: 
Proof:
By implicit differentiation we obtain ∂∆ â,k
as the denominator is negative by condition (1). And
which, as g ε ks (ε) has a unique mode at 0, is equivalent to
The right hand side is strictly increasing k as
To see the latter, note that
which always holds. Hence, condition (2) holds for sufficiently small k and will not hold above a threshold level. 
The first derivative of the objective function 9 becomes
where φ (ε) is the pdf of a standard normal distribution. While this equation has no closed form solution we can use this expression to plot ∆ as an implicit function of a and ∆ for specific examples. 10
Figure 1: Learning investments as a function of perceived ability and knowledge
Hence, a higher confidence in the ability to learn always leads to higher learning investments
as it lowers the perceived marginal costs of learning efforts. This is essentially the motivational effect of self-confidence stressed, for instance, by Benabou and Tirole (2002) . However, confidence in prior knowledge has a positive effect only for agents with low prior knowledge but reduces the incentives to learn for those with higher prior knowledge. The intuition is the following: If an agent has rather low confidence in her initial knowledge she thinks that the likelihood of achieving the educational outcome is small. In turn, the expected marginal gains from learning are small. Raising the confidence in knowledge raises the perceived likelihood to jump the threshold and consequently increases the marginal returns to learning efforts. If, however, the agent believes that she has a very high level of prior knowledge, her perceived likelihood of attaining the outcome even at lower learning investments increases. In turn, the incentive to invest in acquiring further knowledge decreases.
Based on this illustrative model, we designed an experiment that enables us to clearly disentangle confidence in prior knowledge and confidence in the ability to learn and allows us to 9 Condition (1) that guarantees an internal solution here becomes
2 B < c −â, i.e. the objective function will be strictly concave ifâ is not too large.
10 The plots use values B = 10, σ 2 ε k = 1, τ = 3, c = 8 and the condition guaranteeing a strictly concave objective function requires thatâ < 8 − 10 measure the causal effect of confidence in both dimensions.
Experimental Design
We have to keep in mind that confidence is inherently an endogenous variable as it will always be affected by unobserved experiences, abilities, and other traits of the respective subjects, which could also affect the outcome variables through different unobserved behavioral channels.
Hence, merely detecting a correlation between confidence and behavior does not allow to infer causality. In order to avoid this problem, we have developed an experimental design in which we generate instrumental variables, that is variables that are (i) cleanly exogenous but (ii) directly affect confidence. We then use these variables to investigate the causal effects of confidence on behavior. In the following will explain in detail how we implemented this idea.
We invited university students to the Cologne Laboratory for Economic Research. 11 Upon arrival, registered participants were randomly assigned a computer. Before the experiment started, students were informed that they were prohibited to talk to each other, to use electronic devices or pen and paper during the experiment and that anyone who violated this rule would be excluded from the experiment. We monitored compliance with the rule during the entire session. Participants were informed that they would receive the regular show-up fee of 2.50 euros and that they could earn additional money during the experiment. 12
The timeline of the experiment is illustrated in figure 2 and can be summarized as follows:
Before the main intervention, subjects take part in a memory and a knowledge test. Then they learn a feedback score about their performance in each test and these feedback scores are the sum of the respective test outcomes and random noise terms. Hence, this stage constitutes our treatment variation: The noise terms exogenously vary information that should affect subjects' confidence in the two dimensions. In a next step we elicit subjects' beliefs about their relative standing in both domains, which was incentivized by paying them for accuracy of beliefs. These are the main belief variables we use in our analysis as measures of confidence in the two dimensions. Then subjects can undertake a costly investment in further knowledge to prepare for a final test in which they can earn a substantial amount of money when passing a threshold. The learning investment as well as the test results will constitute our outcome variables. 
Stages of the Experiment
Measurement of Prior Knowledge and Learning Ability: After the introduction, participants saw a description of the test they were about to take first, which was either a "knowledge test" or a "memory test". The order of the tests was randomized within each session to eliminate possible order effects. In the knowledge test subjects had to rank 60 cities according to their numbers of inhabitants within triples of cities, i.e. they had to state which city is the largest and which one is the smallest among three cities and would earn a piece rate of 0.10 euros for each correct set. In the memory test subjects first saw a list of 36 cities with a (fictitious) city code belonging to each city. This list was displayed on the screens for 15 minutes and subjects
were not allowed to take notes. After this they had to rank cities within triples according to these city codes and would earn 0.20 euros for each correct set. Hence, the knowledge test measured subjects' prior knowledge and the memory test measured their capacity to memorize information. The memory test closely resembles tests used by psychologists to test working memory capacity (Wilhelm et al., 2013) and was designed such that it covers the same domain (numbers attached to city names) as the knowledge test and in order to make one's performance in it seem as relevant as possible with respect to one's later learning decision for a test in this domain. 13
Both tests were incentivized with a piece rate. Participants took the two tests one after another and after each test were asked how many triples they believed to have solved correctly, immediately afterwards they were also asked how many triples they believed other participants on average solved correctly. In both cases answers were not incentivized and participants were informed that their answer did not have any effect on the further course of the experiment.
A detailed overview of the tests and stages of the experiment can be found in Appendices E and F. 14 Then participants were informed there will be a "Test 3 (main test)", and that, unlike in the first two tests, they would earn 10 euros if they performed better than half of participants in the session who did the tests in the same order as them. They were also informed that they could prepare for this third test.
Feedback stage: Participants were informed that before preparing for the third test, they would receive feedback about their outcomes in the first two tests in the form of a "knowledge score" and a "memory score". As explained to the participants, each score was the sum of a participant's number of correct sets in the respective test and a noise term uniformly and independently distributed between -2 and +2 such that each of the values (-2, -1, 0, 1, 2) is drawn with a probability of 20 percent and added to the true score. 15 The randomly distributed noise term thus creates exogenous variation in feedback about knowledge and learning ability while avoiding any form of deception. Then the personal feedback scores and average feedback scores of participants in past sessions were displayed on the same screen. 16 As already noted above, the exogenous variation in the personal feedback scores allows for the estimation of causal effects of the agents' confidence on behavior, a central contribution of our study, and thus an important design feature of our experiment.
Measurement of confidence:
Participants were asked to estimate their rank in the knowledge and in the memory test relative to those participants in the room who worked on the two tests in the same order as them. They were informed that they could earn one euro, respectively, for estimating their rank in each test correctly. 17 Our design thus allows us to measure both the perceived level of ability (which is the focus of many economic studies of situations where a choice does not entail a decision about effort), and the perceived effectiveness of effort to raise the level of ability (the focus mainly of psychological studies employing non- 14 We measured beliefs twice. Once before giving feedback (unincentivized) and once afterwards (incentivizedsee details below). Note that the beliefs elicited after the feedback intervention are crucial for our design, as they serve as a measure of confidence that can be affected by the treatment intervention (i.e. the noisy feedback). The unincentivized belief elicitation before giving feedback only has a diagnostic function and allows us to observe the magnitude of subjects' uncertainty about their performance in the two tests. As described further below, uncertainty about own ability and knowledge is generally high prior to learning the test score -which is a precondition for our feedback manipulation to work.
15 For a similar approach compare, for instance, Grossman and Owens (2012) who study agent's reactions to noisy feedback about their own performance. Note that the incentives in rank order tournaments are not affected by random noise (For a summary of the literature see Dechenaux et al. (2015) .) 16 We always displayed the same average results from a pilot study to keep the frame of reference of the personal feedback constant between the experimental sessions. Participants in the pilot study were recruited from the same subject pool as participants in the experiment and results were very similar.
17 This method is easy to explain and elicits the mode of an agent's subjective beliefs in an incentive compatible manner and is robust to risk aversion. To see that, note that an agent who has to state an estimate r, the value of a random variable x, and receives 1 euro when reporting correctly should report argmaxrP r (r = x) u(1) + (1 − P r (r = x)) u(0), which is equal to the mode of the distribution. Since the range of beliefs in our context is small due to a limited number of ranks, the chances of having an exact estimate are reasonable.
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incentivized questionnaires to measure self-efficacy and locus of control (Eccles and Wigfield, 2002) ) in an incentive compatible manner.
Investment stage: After participants learned their knowledge score and their memory score they were shown a screen explaining the main "combined knowledge and memory test" in detail. Participants were informed that this test was based on the same field of knowledge and had the same length and structure as the initial knowledge test, i.e. they would have to rank sets of three cities according to the size of their populations. This time, however, they would earn a prize of 10 euros when doing better in this test than half of participants in the session who did the first two tests in the same order as them. Furthermore, they were told that they could prepare for it by acquiring information relevant to pass the test. To be specific, subjects had a budget of 3 euros to buy information about cities' numbers of inhabitants in packages of 10 cities for 0.5 euros per package. They could buy a maximum of 6 packages, together covering all the cities in the test. The decision on how many packages to buy was a one-shot decision, i.e. subjects had to state in advance how many packages they wanted to acquire 18 They knew that all cities they could "buy" were part of the later test and each package -when fully memorizedwould allow to completely answer at least 3 assignments (triples) in the later test. The acquired packages were then displayed in a 15 minutes learning phase before the final test. In this phase subjects also had the possibility to click on a button in order to look at cartoons displayed on the screen (and subjects knew this before they acquired information). 19 Hence, subjects faced two kinds of costs of learning, direct (and measurable) monetary costs for buying information and (unobservable) mental costs of memorizing the information displayed on the screen.
Final test: Finally, participants took the third combined knowledge and memory test in which they had to rank sets of three cities according to the size of their populations. The test is not a pure knowledge test as it includes many smaller cities where a prior pilot has shown that even very knowledgeable subjects may not be able to rank all tuples perfectly without further acquired knowledge from the investment stage. The key idea of the third test is that both, prior knowledge of geography and knowledge acquired during the experiment matter for success. Subjects earned 10 euros if they performed better than the average of participants in the session who did the tests in the same order as them.
After the test, participants filled in a questionnaire. In the very end they were informed about how much money they had earned (and how they had performed) in each stage of the experiment.
Experimental Results
Our main interest is in the size of the learning investment that participants make to prepare for the final test and how this investment is causally affected by confidence in gains and confidence in levels, i.e. beliefs about learning ability and prior knowledge. The key hypotheses are: (i) confidence in the ability to learn should raise learning efforts irrespective of the prior level of knowledge and (ii) confidence in knowledge should increase the incentives to learn for subjects with low prior knowledge and decrease incentives for subjects with high prior knowledge. We measure confidence as agents' beliefs about their relative rank in the memory and knowledge tests elicited after they have learned the respective feedback scores. We ran 16 experimental sessions in May and June and 8 sessions in October 2015. In total 645 people participated in them. 20 The average total payoff was 11.29 euros (including a 2.50 euros show-up fee), the standard deviation of payoffs was 5.01 euros. Subjects on average earned 1.03 euros in the memory test, 0.89 euros in the knowledge test and 5.00 euros in the final test. Sessions lasted approximately one hour and 10 minutes. 63 percent of participants were female. All participants were university students. The mean semester they were in was 6.5.
20 Instrumental variable regressions allow us to estimate the causal effect of beliefs on behavior but come along with a substantial loss in statistical power (see, for instance, Cameron and Trivedi (2005, section 4.9.3)) the extent of which is hard to gauge in advance without prior knowledge about the variance in the respective test scores and the outcome variable. For this reason we decided to run additional sessions in October 2015 to collect more observations. We can use 615 observations in our estimates as we have some missing data due to cases in which subjects did not submit their answers. Note: This figure shows ordinal ranks versus rank beliefs with respect to the memory and the knowledge test elicited after giving feedback (1 is best).
Descriptive Analysis
We begin by descriptively studying the relationship between rank beliefs elicited after the feedback intervention and actual ranks as well as the correlation between these beliefs and investment behavior. The sunflower plots in figure 3 show that subjects on average estimate their rank fairly well as most observations are close to the 45 degree line. The correlation of the rank belief in the memory test with the actual rank in the test is 0.75, whereas the correlation if the rank belief in the knowledge test with the actual rank in this test is 0.60. The regression lines in both plots are largely below the 45 degree line indicating that participants on average slightly overestimate their relative performance in both tests (by 0.7 and 1.5 ranks in the memory test and the knowledge test, respectively). 21
21 With respect to unincentivized estimates elicited before the feedback intervention, the correlation of beliefs in own performance with one's actual performance (in correct answers) were 0.53 and 0.18 for the memory and the knowledge test, respectively. The correlation between beliefs about one's group's average performance and one's group's actual average performance is 0.10 with respect to the memory test and -0.03 with respect to the knowledge test. Thus, uncertainty was generally high before the intervention, particularly so with respect to other's performance and the prior knowledge dimension. Participants before the intervention were on average slightly underconfident with respect to their own performance (by 0.2 and 1.5 points in the memory and the knowledge test, respectively) and slightly overestimated their group's average performance (by 0.7 and 0.12 points, respectively). In the following we will investigate whether these correlations between beliefs and investments are indeed driven by a direct causal effect of beliefs on investments. In order to do so, we will first check whether our random feedback manipulation affects beliefs as expected. After ensuring that it does, we will use our manipulation to instrument the beliefs in instrumental variable regressions explaining behavior and outcomes. By doing so, we will only use the exogenous 22 A fractional polynomial plot shows nearly exactly the same hump shaped pattern.
component of beliefs, uncorrelated with other unobserved individual traits, to explain behavior.
Effect of the Feedback Manipulation on Beliefs
In order to identify the effect of our feedback manipulation on participants' beliefs, we first regress our incentivized measures of confidence in learning ability and confidence in knowledge (i.e. the subjects' beliefs about their respective rank in the considered dimension elicited after the feedback, inverted and standardized to percentile ranks) on the exogenously varied noise terms. We thus estimate the following specification by ordinary least squares, which will also constitute the first stage in our instrumental variable (IV) regressions below:
In these, as well as in all of the following regressions, we include the results of the memory and the knowledge test. Additionally, we include dummies for gender, field of study, semester of study, school GPA, income and session as control variables in all regressions. 23 All regressions also include a constant. increase in the noise term in the memory feedback on average causes participants to believe that their memory is 7.6 percentile ranks better whereas a one unit increase in the noise term in the knowledge feedback on average causes participants to believe their knowledge is 5.9 percentile ranks better. Note that both coefficients have about the same magnitude as the respective coefficients of the true outcomes of the ability tests. Hence, our manipulation worked and the exogenous variation in feedback scores indeed affects beliefs. In the following two subsections, we can now use the manipulation to study the causal effect of confidence in learning ability and prior knowledge on investment behavior and test outcomes.
While studying the association between gender and confidence is not the focus of our study and we thus did not have an ex-ante hypothesis, it is interesting to note that women are significantly less confident than men with respect to their prior knowledge (skill level) but not so with respect to their memory (ability to acquire new skills). This further hints towards the importance of a multidimensional understanding of confidence for explaining gender effects in competitive settings. 24
Causal Effect of Beliefs on Learning Investments
By studying whether our treatment affected behavior through affecting beliefs we can address the question of whether the relationships presented in figure 4 indeed reflect causal effects. This will allow us to test the hypotheses stated in section 3. In order to do so, we run an instrumental variable regression of beliefs on investments where the two beliefs are instrumented by the two noise terms. The first stage of the IV regression is given by equation 3. As to the second stage, we start by estimating the specification
on the whole sample, including our battery of control variables. Given the hump shaped prediction with respect to the effect of confidence in prior knowledge and the availability of only two instruments, we then split the sample at the median outcome of the knowledge test 25 and 24 In settings where skill level is important, women are observed to shy away from competition, partly due to lower confidence (Niederle and Vesterlund, 2007) . It should be further explored what happens in settings where beliefs about the ability to learn play a role and whether the common finding that women are less confident than men holds in these settings.
25 Median performance was 9 correct sets and we have 119 observation exactly at the median.
estimate effects for the worse half and the better half separately. The results are reported in Column (1) of table 2 shows that confidence in learning ability significantly increases investment whereas the effect of confidence in levels of prior knowledge is insignificant when looking at the whole sample. Since we expected a positive effect for individuals with low prior knowledge and a negative effect for individuals with high prior knowledge, we split the sample. In columns (2) and (3) we can see that both in the better and in the worse half of participants, confidence in learning ability has a positive effect on learning investment. In line with our predictions, we also observe that confidence in levels of knowledge has a negative effect on individuals with above average levels of prior knowledge but a positive effect on individuals with below average levels of prior knowledge. More specifically, for confidence in learning ability we find that an increase of confidence by 10 percentile ranks raises investment in learning by about 9 euro cents for the better half of students and about 12 euro cents for the worse half of students. These effects are significant at the 5 percent and the 1 percent level, respectively. For confidence in knowledge we find that an increase of confidence by 10 percentile ranks lowers investment in learning by about 9 euro cents for students with above average level of prior knowledge but raises investment in learning by about 15 euro cents for students with below average level of prior knowledge. These effects, respectively, are significant at the 10 percent and the 5 percent level. F-tests indicate that our instruments are sufficiently strong.
The experimental results show that beliefs about abilities causally affect how much a person invests in learning. We find that people on average make larger investments in learning the better they believe their learning ability to be. We also find evidence in favor of the hypothesis that increasing the confidence in prior knowledge reduces incentives for individuals whose knowledge is already above average but increases incentives for individuals whose knowledge is below average.
Causal Effect of Beliefs on Test Outcomes
We are also interested in whether the behavioral change we brought about by changing confidence beliefs has an effect on students' outcomes in the final test. We begin by estimating how beliefs causally affect the rank one received in the final test. Note that the first stage of the IV regressions is again given by equation 3. The second stage is given by:
As can be seen in columns (1) and (2) of table 3, for the better half of participants in the knowledge test we find no effect of confidence in learning ability 26 but we do find a negative effect of confidence in knowledge again. As confidence in knowledge increases by one percentile rank the outcome in the final test decreases by about 0.3 percentile ranks. For the worse half of participants in the knowledge test we find that as confidence in learning ability increases by one percentile rank the outcome in the final test increases by about 0.3 percentile ranks, while as confidence in prior knowledge increases by one percentile rank the outcome in the final test increases by about 0.5 percentile ranks.
We then use an IV probit estimation method based on Newey (1987) to test whether beliefs also causally affect the probability of passing the test. The first stage is again given by equation 3. The second stage is a probit regression of the form P r(y = 1|x) = G(α + βConf idenceM emory i + γConf idenceKnowledge i + δControls + i ) (6) As can be seen by looking at columns (3) and (4) of table 3, and analogously to the results in columns (1) and (2), we find that raising the confidence in memory increases the passing probability of people who performed in the worse half in the knowledge test, whereas raising the confidence in prior knowledge decreases the passing probability of above average and increases the passing probability of below average performers in the knowledge test. We do not find a significant effect of confidence in memory for individuals who performed in the better half in the knowledge test. Note: Models 1 and 2: two-stage least squares estimates with robust standard errors; Models 3 and 4: Newey's twostep estimator for binary endogenous variables; t statistics in parentheses; all regressions contain a constant; additional control variables: dummy variables for gender,field of study (10), semester of study (22), school GPA (25), income (14) and session (24); Models 1 and 3: performance at or above the median in knowledge test; Model 2 and 4: below median performance in knowledge test; * p < 0.10, * * p < 0.05, * * * p < 0.01
Conclusion
We studied the causal effects of confidence in prior knowledge and in the ability to learn in a lab experimentto. Based on a simple formal model, we hypothesized that a higher confidence in one's level of prior knowledge causes students with low levels of knowledge to invest more. This is because it raises the probability that an additional remembered fact is pivotal to passing the test. For students with high levels of prior knowledge we expected the opposite, i.e. that raising their confidence in knowledge would lower their effort to prepare for the test because it subjectively moves them further away from the passing threshold such that learning becomes less relevant for whether someone passes or fails the test. For the other dimension, confidence in one's learning ability, we expected that raising this dimension of confidence would cause students to invest more effort in learning irrespective of the prior knowledge because the perceived marginal cost of effort decreases.
Our results support these hypotheses. Confidence in learning ability, indeed, raises learning investments irrespective of the prior level of knowledge, whereas confidence in prior knowledge has a negative effect on individuals with above average prior knowledge and a positive effect on individuals with below average prior knowledge on investments. Some of the behavioral effects of our feedback intervention are also reflected by the test outcomes. Raising confidence in learning ability improves the rank and increases the probability of an individual with below average prior knowledge passing the test, whereas we do not find a significant effect for the rank or passing probability of above average individuals. Furthermore, raising confidence in prior knowledge improves the rank and increases the probability that an individual with below average prior knowledge passes the test, whereas it worsens the rank and decreases the passing probability of individuals with above average prior knowledge.
We thus have shown that confidence affects investments in learning in very different ways depending on the specific dimension the belief refers to. People invest more in learning when their confidence in the ability to learn is raised and we find no evidence of a detrimental effect of "too much confidence" in learning ability. Of course, we caution that we studied a lab experiment in a specific content area, and further work has to be done to investigate the validity of the results in other contexts. Our results that different dimensions of motivational beliefs exhibit different functional relationships with effort and outcomes show that generalized statements about the role of confidence in competitive settings can be misleading and confidence should be viewed as a multidimensional concept. For instance, our observation that there are gender differences in confidence in prior knowledge, as has often been found in the past, but not with respect to confidence in learning ability suggests that the multidimensionality of ability beliefs might be very relevant for explaining why different behavior of men and women can be observed in some settings but not in others.
Insights about the different effects of confidence in learning ability and confidence in prior 23 knowledge have implications not only for the design of interventions aimed at positively affecting academic motivation but also for subjective performance evaluation policies in firms and other organizations. A large literature in psychology and economics has, for instance, stressed that subjective performance evaluations tend to be biased and, in particular, evaluators often tend to be too lenient (see e.g. Murphy and Cleveland 1995; Prendergast 1999) . Our results imply that rater leniency (i.e. the tendency to assign too generous performance ratings) can raise motivation when the rater assesses an individual's ability to learn. However, leniency in the rating of a skill level can reduce the motivation as it may signal that one has "already done enough". Hence, while raising confidence in the ability to acquire a certain skill or achieve an outcome can be beneficial, raising confidence in the skill itself or the level of past achievements can be detrimental.
Finally, we note that while we wanted to identify the causal effect of confidence on performance, we did not intend to evaluate the usefulness of confidence manipulations in real world settings. The confidence manipulation through noise terms added to test results is designed as a research tool that makes it possible to study causal effects of confidence. It is not meant as an intervention that should be implemented to raise confidence in field settings but we believe that our work can inform the optimal design of interventions that aim at influencing confidence to raise motivation in the field. For instance, our results indicate that interventions that raise the confidence in the ability to learn and grow should be beneficial. Our results are thus well in line with the idea of inducing a "growth mindset", i.e. the belief that intelligence is malleable rather than fixed, which has been shown to raise educational outcomes (Yeager et al., 2014; Paunesku et al., 2015; Alan et al., 2016) . However, our results also show that interventions that raise confidence in traits that directly contribute to outcomes (such a prior knowledge) may be detrimental. Note: OLS estimates with robust standard errors; t statistics in parentheses; all regressions contain a constant; additional control variables: dummy variables for gender, field of study (10), semester of study (22), school GPA (25), income (14) and session (24); * p<0.10, ** p<0.05, *** p<0.01. Note: OLS estimates with robust standard errors; t statistics in parentheses; all regressions contain a constant; additional control variables: dummy variables for gender, field of study (10), semester of study (22), school GPA (25), income (14) and session (24); * p<0.10, ** p<0.05, *** p<0.01. Note: OLS estimates with robust standard errors; t statistics in parentheses; all regressions contain a constant; additional control variables: dummy variables for gender, field of study (10), semester of study (22), school GPA (25), income (14) and session (24); * p<0.10, ** p<0.05, *** p<0.01. tests (incentivized with piece rate, the order is randomized to control for ordering effects):
A Descriptive Statistics and Figures

C Reduced Form Estimates
D Results Without Session Dummies and Demographic Control Variables
• "knowledge test": participants have to solve 20 sets of three German cities each by indicating which is the largest, which is the second largest and which is the third largest in terms of population within each triple
• "memory test": participants for 15 minutes see a screen with a list of 36 German cities with (arbitrary) four digit "cities codes" which they can memorize, then they have to solve 12 sets of three cities each by indicating which one has the largest, which one has the second largest, and which one has the third largest city code
• Immediately after each test participants estimate their number of correct sets and other's average number of correct sets in each test (belief elicitation, unincentivized)
2. Information on further course (introduction of combined test): Subjects are informed that there will be a third test and that they earn a prize if their outcome is above average. They are explained how they can prepare for it. Furthermore, they are told that they will receive feedback and given an explanation of how the feedback is computed. 
Investment Stage
The experiment was conducted in German, so in the following we give the English translation of the texts. All the cities used in the experiment come from the set of the 200 largest cities in Germany. We pretested all instructions and tests to ensure that they are understandable and produced a sufficient variance of results so that relative performance/ability could be measured precisely. Before the tests started, an introductory screen described the test and how money could be earned. We also made sure that subjects understood the rules of the tests by including a sample exercise before each test and subjects could only start the test after answering it according to the rules.
F.1 Description of Knowledge Test
The instruction on the introductory screen to the knowledge test said:
"In the following you can earn money by ordering three cities, respectively, according to their number of inhabitants. In total there are 20 sets of 3 cities each.
For each completely correct set you will receive 0.10 euros. If the set was not answered completely correctly you will not receive any money for it. You have 6 minutes to work on the test. Write a 1 in the field next to the city you belief is the largest of the three, write a 2 in the field of the intermediate city and write a 3 in the field next to the smallest city."
On the test screen itself a summary of the instructions and the payment scheme was given. A countdown clock was shown. For example, a set of three cities looked like this:
F.2 Description of Memory Test
The instruction on the introductory screen to the memory test said:
"In the following you can earn money by ordering three cities, respectively, according to their city codes. In total there are 12 sets of 3 cities each. For each completely correct set you will receive 0.20 euros. If the set was not answered completely correctly you will not receive any money for it. You have 6 minutes to work on the test.
Since the city codes are generally not known, you will receive an alphabetically ordered list with all 36 cities and their respective city codes. This list will be displayed to you in a learning phase of 15 minutes. You have the opportunity to memorize the ranking (relative size) of these city codes, in order to later order three cities each according to this number. During the test this list will not be displayed anymore, so that only your memory will help you to do the ordering.
Note-taking is not allowed.Violation of this rule will lead to the exclusion from this and future experiments.
Write a 1 in the field next to the city which according to your memory has the largest city code, write a 2 in the field of the city with the second largest city code and write a 3 in the field next to the city with the smallest city code."
On the learning and test screens a summary of the instructions and the payment scheme was given. A countdown clock was shown. The sets of three cities in the memory test looked the 36 same as in the knowledge test but none of the city names were used twice. Information displayed in the learning phase looked like this:
F.3 Description of Feedback
After subjects have been told that there will be a third "main test" and that they can prepare for it, they are informed that they are about to receive feedback. Next, they are shown a screen where the computation of the "feedback scores" is explained:
"The experimental software will now generate a knowledge score and a memory score for each participant. The knowledge score is being computed based on a participant's number of correct answers in the knowledge test whereas the memory score is computed based on a participant's number of correct answers in the in the memory test. In expectation, each score is equal to the participant's actual number of correct answers. The experimental software will soon let you know your score.
Computation of the feedback scores:
Your scores are composed of the following:
Knowledge score = number of your correct sets in the knowledge test + random 
F.4 Elicitation of Beliefs
The elicitation screen contained the following text: The participant with the highest number of points occupies rank 1, the participant with the lowest number of points occupies rank [x] ."
Then participants could indicate their rank beliefs in the knowledge and the memory test by selecting a number on two lines of radio buttons. The number of radio buttons was automatically adjusted to the number of people in each of the two groups per session.
F.5 Investment Stage
The decision screen contained the following information:
"Description of test 3: combined knowledge and memory test
In the following you can earn money by ordering three cities, respectively, according to their numbers of inhabitants. In total there are 20 sets of 3 cities each.
You have 6 minutes to work on the test.
The cities are German cities of comparable size and prominence as the cities in the knowledge test about the numbers of inhabitants. However, no of these cities will be in the test again.
If your result is above average, that is if you get more correct answers than the average of the participants in the room who worked on the first two tests in the same order as you, you will receive 10 euros, if not you will receive zero euros.
You have the possibility to improve you knowledge of the cities in a learning phase.
Description of preparation for test 3
In order to prepare for test 3, you may buy information about cities' numbers of inhabitants. In order to do so you receive, independently of your performance until now, a budget of 3.00 euros. The part of the budget that you do not spend, will be added to your payoff in the end of the experiment. All cities you can buy 39 are part of the test. You can buy packages of 10 cities each. Each package allows you to completely answer at least 3 assignments (sets).
Example for information you can buy:
Innsbruck 121,329
Following your selection, for 15 minutes the program will show in alphabetical order your acquired packages of cities with their respective numbers of inhabitants. This information you may memorize so that you can better order cities according to their size in the main test. Note-taking is not allowed. Violation of this rule will lead to the exclusion from this and future experiments."
Below this text, subjects were asked to decide how many cities they want to buy and indicate their choice with the respective radio button. They have to make a choice between buying 0, 10, 20, 30, 40, 50, or 60 cities. Each ten cities cost 0.5 euros.
Below the radio buttons it said:
"Please note: Your further payoff depends on whether you belong to the better half of the group who worked on the first two tests in the same order as you.
You cannot earn additional money by estimating your rank correctly. In case you find the study time of 15 minutes too long, you can also spend time looking at comics."
A reminder of their knowledge and memory score is displayed in the upper right corner of the screen.
This is how the screen looked like:
40
F.6 Description of Test 3
Test 3 looked the same as the first two tests and contained 20 sets of three cities each. Within each set participants had to order cities according to their numbers of inhabitants. A summary of the instructions and the payment scheme was given.
